People with impulsive-antisocial traits may engage in unplanned behaviors that reduce their efficiency and may even result in harm to self and others. The present study aimed to investigate the relationship between executive control functions and impulsive antisociality, as assessed with the Psychopathic Personality Inventory (PPI). Using go/no-go and stop-signal paradigms, we examined whether healthy participants with high impulsive-antisocial traits would show delayed response inhibition and error monitoring deficits when compared to those reporting low levels of impulsive antisociality.
participants and procedure
A total of 26 participants were recruited from different Warsaw universities based on the Impulsive Antisociality subscale scores of the PPI. Subjects scoring in the first quartile were assigned to the low and those with a score in the fourth quartile were selected for the high impulsivity group. All participants were tested with go/no-go and stop-signal tasks that were executed in a random order.
results
Higher levels of impulsive-antisocial traits were associated with poorer executive control. In particular, high impulsive-antisocial individuals demonstrated reduced post-error slowing in response to go stimuli following an error and took longer to respond to the stop signal than the control group. The two groups did not differ in their performance accuracy.
conclusions
The study extends previous findings regarding the relationship between impulsivity and executive control showing that non-clinical impulsive antisociality results in decreased conflict detection ability and delayed response inhibition. These problems may result in reduced executive effectiveness in everyday life situations. (Cleckley, 1976) . Cleckley described several characteristics of the psychopathic personality, inspiring researchers to consider psychopathy as a multidimensional construct. Indeed, factor analytic studies performed with the instruments for the assessment of psychopathy supported this multidimensional view. For example, the data structure of Hare's Psychopathy Checklist (PCL-R) (Hare, 2003) , designed for forensic populations, and the Psychopathy Personality Inventory (PPI) (Lilienfeld & Andrews, 1996) for measuring psychopathy in noncriminal samples was repeatedly observed to be best reflected by a two-factor solution (Benning, Patrick, Hicks, Blonigen, & Krueger, 2003; Hare, 1991 Hare, , 2003 Harpur, Hare, & Hakstian, 1989; Lilienfeld & Andrews, 1996) . One of these factors included items assessing affective-interpersonal deficits, e.g. shallow affect, reduced fear-reactivity, lack of empathy and close relationships. The second factor contained items describing impulsive-antisocial features, e.g. problems with planning/foresight, demand for immediate gratification, and poor emotional and behavioral control. Contemporary research on psychopathy tries to elucidate affective, cognitive and behavioral phenomena associated with these two dimensions of psychopathy. In the cognitive and behavioral domains, high levels of psychopathic traits have been shown to be associated with executive difficulties, poor executive control in particular. Some studies have suggested that deficits in executive control may be linked to psychopathy-associated impulsivity (Finn, Justus, Mazas, & Steinmetz, 1999; Stanford, Greve, & Gerstle, 1997; Villemarette-Pittman, Stanford, & Greve, 2003) . In order to characterize specific cognitive functions contributing to executive control, recent studies have begun to systematically use reaction time tasks requiring differentiation between execution and inhibition trials, such as go/no-go or stop-signal tasks. In the go/no-go task participants are presented with a series of different stimuli and are instructed to respond to one stimulus type while ignoring others. In the stop-signal paradigm participants perform a similar go/no-go task but are also required to perform a stop task at the same time. The stop task occurs in 25% of go trials and involves the presentation of a stop signal that informs the subject to inhibit his/her response to the go trial. In the most common version of the stop-signal task, the time interval between the go and the stop signal varies as a function of subjects' performance. That is, with successful inhibition this interval will increase, and if the person reacts to a go stimulus despite the presence of a stop signal, at the next attempt the time between the go and the stop signal will be reduced. This procedure enables one to design an appropriate stop-signal delay in which the person inhibits 50% of the go trials. Both tasks allow assessment of the attention-related response latency (reaction time) as well as the error-monitoring accuracy. The go/no-go task is also suitable to measure the process of conflict detection, as indexed by a post-error slowing (PES), that is, a typical slowdown in reaction time (RT) in trials following an error (Rabbitt, 1966) . Moreover, as already mentioned, both tasks are also suitable to observe the mechanism of response inhibition. The go/ no-go procedure enables one to assess the effectiveness of prepotent response inhibition, whereas the stop-signal task allows one to measure the accuracy and latency of the ongoing response inhibition. The stop-signal task involves the response reengagement process and requires higher attentional capacity.
Using go/no-go or stop-signal tasks, previous studies found response inhibition and conflict detection deficits in high impulsive individuals, such as those with attention deficit hyperactivity disorder (ADHD) (Schachar & Logan, 1990) , alcoholism (Finn, Mazas, Justus, & Steinmetz, 2002; Lawrence, Luty, Bogdan, Sahakian, & Clark, 2009; Noël et al., 2007) and obesity (Nederkoorn, Havermans, Roefs, Smulders, & Jansen, 2006) . Considering differential correlates of the two dimensions of psychopathy, impaired go/no-go and stop-signal task performance should also be expected in individuals scoring highly on the impulsive antisociality factor. Supporting this assumption, Wilkowski and Robinson (2008) showed deficient post-error slowing in a series of choice reaction time tasks involving word categorization in undergraduate students with impulsive-antisocial traits, as measured with the Levenson Self-Report Psychopathy Scales (LSRPS) (Levenson, Kiehl, & Fitzpatrick, 1995) . However, this finding should be treated with caution because the LSRPS does not accurately cover the impulsive-antisocial dimension, as it was proposed on the basis of Cleckley's account (Lynam, Whiteside, & Jones, 1999) . In fact, the LSRPS also show moderate to large correlations with the other interpersonal-affective factor (Hare, 2003; Levenson et al., 1995) . Recently, using the Multidimensional Personality Questionnaire (MPQ) (Tellegen & Waller, 1994) , Heritage and Benning (2013) demonstrated deficits in the processing of peripheral cues in high impulsive-antisocial individuals performing a lexical decision stop-signal task. Specifically, high impulsive individuals showed reduced lexical decision and stop-signal inhibition accuracy and longer stop-signal reaction times (SSRTs), indicating poor error monitoring and problems in stopping the ongoing action in response to the peripheral stop cues in this group.
The present study was designed to compare cognitive processes involved in executive control between high and low impulsive-antisocial individuals. In order to achieve this aim, we extended previous studies by combining the standard visual go/no-go with stop-signal tasks in order to assess specific cognitive functions contributing to executive control, such as the post-error conflict detection and the effectiveness of prepotent response inhibition (go/no-go task), the effectiveness and latency of ongoing response inhibition (stop-signal task) as well as the response activation latency (both tasks). Specifically, similarly to some previous research (see Heritage & Benning, 2013; Wilkowski & Robinson, 2008) , we expected that, when compared with low impulsive-antisocial individuals, high impulsive-antisocial participants would present with reduced post-error slowing (PES) and error-monitoring accuracy as well as delayed inhibition of ongoing responses. Of note, however, in contrast to the studies by Wilkowski and Robinson (2008) and Heritage and Benning (2013) , we selected our participants based on the PPI, an instrument that has been shown to be most appropriate for measuring the psychopathy construct in non-incarcerated samples (Lilienfeld & Andrews, 1996) . Moreover, it has been shown that this tool can successfully differentiate between impulsive antisociality and interpersonal-affective dimensions of psychopathy that correspond to the two factors of the PCL-R intended to measure prisoner samples (Poythress, Edens, & Lilienfeld, 1998; Benning et al., 2003) .
PARTICIPANTS AND PROCEDURE

PARTICIPANTS
A total of 26 participants were selected from a questionnaire screening of 162 students of different Warsaw universities. At the time of recruitment all participants completed the Polish version of the PPI (Lilienfeld & Andrews, 1996; Groth & Cierpiałkow-ska, 2012) . Subjects scoring in the first quartile on the PPI Impulsive Antisociality subscale (< 140 points) were assigned to the low impulsivity group (N = 12, 11 females, 1 male), and those with a score in the fourth quartile (> 166 points) were assigned to the high impulsivity group (N = 14, 10 females, 4 males).
PROCEDURE
PsychoPy (Peirce, 2007 (Peirce, , 2009 ) and STOP-IT (Verbruggen, Logan, & Stevens, 2008) software was used to prepare and run the experiment. Subjects responded using the standard QWERTY keyboard. Stimuli were presented on a CRT monitor with a refresh rate of 60 Hz. A sound signal (750 Hz, 75 ms) was emitted by the audio system consisting of an amplifier and two speakers mounted in front of the subject.
The study included the go/no-go and stop-signal tasks that were executed in a random order. Subjects were informed that the purpose of the study was to measure the reaction time to visual stimuli. The go/ no-go study was divided into two series, each consisting of 64 trials, preceded by the presentation of a fixation cross. Subjects were instructed to react to the occurrence of a letter "A" by pressing a space key and to do nothing in response to a letter "P". There were 48 go and 16 no-go letters that were presented in a randomized order for 250 ms with an inter-trial interval ranging from 3.50 to 4.50 s. The stop-signal experiment consisted of 32 practice trials followed by two series of 64 experimental trials. Each trial consisted of the presentation of a square or a circle that was preceded by a fixation point (250 ms) and followed by a 2.5-second inter-trial interval. Subjects were briefed to press the "C" key in response to the occurrence of the square and the "/" key for the circle or to inhibit the reaction if they heard an auditory signal that was presented after 25% of the go stimuli. Initially the stop signal was presented 250 ms after the onset of the go stimulus and was then adjusted continuously: the time interval between the go and stop stimuli (stop-signal delay) increased by 50 ms when the subject successfully inhibited his/her response and decreased by 50 ms when inhibition was unsuccessful. The study protocol was approved by the local ethics committee.
DATA ANALYSIS
In the case of the go/no-go task, we analyzed mean reaction time in all go trials, the number of false no-go responses as well as the post-error slowing (PES), i.e. the difference between the mean response time to the go stimuli that occurred after a false no-go response and the mean response time to all other go stimuli. In the case of the stop-signal task, the analysis included mean reaction time on no-signal trials, errors and stop-signal reaction time (SSRT). The SSRT was computed by subtracting the mean stop-signal delay (SSD) from the mean reaction time for all trials that were not followed by a stop signal.
IBM SPSS Statistics v. 21. software was used for statistical data analysis. The data analysis ANA-LYZE-IT software from the STOP-IT program was used for SSRT estimation. Intergroup comparisons were computed using unpaired two-sample t-tests.
RESULTS
GO/NO-GO
Low impulsive subjects responded to no-go trials (false alarms) with an average of 15.10% (SD = 13.00%) volume 3(1), 5
and high impulsive subjects with an average of 18.50% (SD = 12.50%). The two-tailed t-test revealed no significant differences between the groups for the amount of these errors, t (24) = 0.68, n.s. There was a significantly greater PES in the low when compared to the high impulsivity group, t (23) = 2.07, p = .050 (see Table 1 ). However, the two groups did not significantly differ in the mean reaction time in all go trials, t (24) = 0.57.
STOP SIGNAL
Regarding the go stimulus categorization, low impulsivity subjects made an average of 1.33% errors (SD = 1.21%), whereas those from the high impulsivity group made an average of 1.99% errors (SD = 1.91%), and these differences were not statistically significant, t (24) = 1.03, n.s. Also differences between the low and high impulsivity group in mean reaction time in no-signal trials were not statistically significant, t (24) = 0.11, n.s. However, statistically significant differences were observed when the results of the SSRT were compared between low and high impulsivity subjects, t (24) = 2.24, p = .035, showing that high impulsive participants, in comparison to those with low impulsiveness, needed more time to stop their reaction (see Table 1 ).
DISCUSSION
In the present study, go/no-go and stop-signal reaction time tasks were used to investigate executive control functions in participants with high and low levels of impulsive-antisocial traits, as measured with the PPI (Lilienfeld & Andrews, 1996) . Supporting the assumption about problems with executive control in high impulsivity, our study showed that, when compared to low impulsive-antisocial individuals, high impulsive-antisocial subjects present with reduced post-error slowing and delayed response inhibition, as revealed by the go/no-go task and the stop-signal task respectively. At the same time, the two groups did not differ in the number of errors or in the time needed for response activation.
Monitoring and adjusting errors enables one to regulate behavior and to pursue personal goals. According to previous studies, people tend to slow their reaction time in trials following response errors, an effect that has been proposed to reflect increased cautiousness in responding that helps to avoid further errors (Botvinick, Braver, Barch, Carter, & Cohen, 2001; Bresin, Finy, Spraque, & Verona, 2014; Dutilh et al., 2012) . In the present study, this post-error slowing was found to be reduced in high impulsive-antisocial individuals, indicating that this group might be less able to notice errors and/or to take them seriously. Supporting this finding, an ERP study performed by Heritage and Benning (2013) showed that errors in responding elicit significantly lower error-related negativity (ERN) in people with high when compared to those with low impulsive-antisocial traits. This effect indicates reduced activation of the frontal brain structures responsible for the detection of conflict between the task performance and the goals of the task (Fabiani, Gratton, & Coles, 2000) .
Previous studies revealed that people sensitive to frustration of their goals and those with low executive control respond with increased anger and/or higher tense arousal when confronted with frustration-generating situations (Sprague, Verona, Kalkhoff, & Kilmer, 2011; Zajenkowska, Zajenkowski, & Jankowski, 2014) . In antisocially impulsive people the anticipation or confrontation with frustration-generating situations may, thus, trigger stronger negative emotions amplifying emotional and behavioral control deficits. These deficits may again impede the achievement of personal goals and intensify negative emotions. This vicious circle may explain some behavioral and emotional deficits in populations characterized by increased impulsivity and/or impulsive antisociality (e.g. antisocial personality disorder, behavioral and substance addictions, procrastination). As a caveat it has to be noted that despite reduced post-error slowing, high impulsive-antisocial students who participated in our study were able to compensate for their deficits, resulting in similar performance accuracy as the control group. Future studies might help to determine whether error processing problems observed in people with high impulsive-antisocial traits would lead to a lack of planfulness and foresight as well as behavior regulation problems in everyday life situations. Apart from the process of error monitoring, effective behavior regulation requires inhibition of prepotent and ongoing courses of action. Supporting previous studies performed with clinical samples (Lawrence et al., 2009; Nederkoorn et al., 2006; Schachar & Logan, 1990) as well as high and low impulsive students divided according to their impulsivity subscale scores of the Eysenck Personality Inventory (Eysenck & Eysenck, 1969; Logan, Schachar, & Tannock, 1997) , the present data indicate that greater levels of impulsive-antisocial traits are associated with increased stop-signal delay. That is, people with high impulsive antisociality took longer than the non-impulsive control group to respond to the stop signal. This finding supports the assumption that impulsive-antisocial traits result in difficulties in inhibitory processing. Similar to the go/no-go task, the stop-signal data did not reveal differences in the number of errors between high and low impulsive-antisocial subjects. Again, this finding suggests that the non-clinical impulsive individuals are able to inhibit their responses, even though they may be less effective or efficient than non-impulsive people. Furthermore, our data indicate that high and low impulsive-antisocial individuals do not differ in the response time to go stimuli during the stop-signal and go/no-go tasks. This seems consistent with findings by Logan et al. (1997) as well as Nederkoorn et al. (2006) , showing that deficits observed in high impulsive samples during reaction time tasks requiring one to differentiate between execution and inhibition trials result from decreased inhibition ability rather than from increased impetus to respond.
The link between impulsivity and longer stop-signal reaction times as well as reduced post-error slowing has been established using different self-report measures of impulsivity, such as the impulsivity subscale of the Eysenck Personality Inventory (Eysenck & Eysenck, 1969; Logan et al., 1997) , the Levenson Self-Report Psychopathy Scales (Levenson et al., 1995; Wilkowski & Robinson, 2008) , and the Multidimensional Personality Questionnaire (Tellegen & Waller, 1994; Heritage & Benning, 2013) . Response inhibition and conflict detection deficits have been observed in high impulsive clinical samples, such as ADHD (Schachar & Logan, 1990) , alcoholism (Finn et al., 2002; Lawrence et al., 2009; Noël et al., 2007) and obesity (Nederkoorn et al., 2006) . In this respect, the present study proves the validity of the Impulsive Antisociality subscale of the PPI (Lilienfeld & Andrews, 1996) that was developed to measure impulsive-antisocial and interpersonal-affective psychopathy traits in noncriminal samples.
CONCLUSIONS
The present study supports and extends previous evidence for decreased executive control abilities in high impulsive-antisocial individuals. Specifically, non-clinically increased impulsive antisociality resulted in decreased conflict detection ability and delayed response inhibition. Even though antisocially impulsive individuals did not show decreased performance accuracy in the present study, the observed problems with executive control may potentially contribute to decreased efficiency or effectiveness in this group.
